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ABSTRACT 

COUPLEFLO is a two-dimensional finite element code for plane strain or 
axisymmetric analyses of thermomechanically coupled syptems. It is capable 
of analyzing the creeping flow of non-Newtonian fluids or the secondary creep 
of solids. COUPLEFLO solves equations for conductive-convective heat trans­
fer to determine the thermal response of a system. Therraomechanical coupling 
between the flow field and temperature distribution can exist in terms of 
temperature dependent material properties, temperature dependent body forces, 
viscous dissipation, material convection, and changing system geometry. 
Either transient or steady-state problems can be analyzed in Eulerian or 
quasi-Lagrangian reference frames. Fart I - Theoretical Background contains 
the governing equation, finite element formulation, and verification of the 
code capabilities. Part II - User's Manual contains instructions for code 
use. Currently, COUPLEFLO is available at Sandia Laboratories in Albuquerque 
on the 7600, 6600, and HOS systems. 
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NOTATIONS 

Aren 

Matrix coefficient modifier of ' 

Specific hent 

Any function 

Convection coefficient 

Matrix coeff icient of • 

Fun"tlonal 

Jacobian matrix 

Determinant of the Jaoobian matrix 

Thermal conductivity 

Stiffness matrix 

Surface heat transfer coefficient matrix 

Shape functions 

Pressure 

Surface heat flux 

Heat generation rate 

Conductivity matrix 

Surface distance 

Surface enclosing region V 

Surface on which heat flux is specified 

Surface on which velocity is specified 

Surface on which traction vectors are specified 

Surface on which temperature is specified 

Traction vector 

Time 



NOTATIONS (Cont'd) 

i t Time increment 

u,v Velocity components 

V Volume of region 

V Volume of element 

x. Cartesian coordinates 

X Body forces 

f, Variational operator 

6 . . Kronecker delta 

i Gradient operator 

e. Strain-rate tensor 

e.'. Deviatoric strain-rate tensor 

e u Effective strain-rate (e = ( » e , , e . J ) 

r|»?>£ Local coordinates 

\ Lagrange multiplier 

tl Viscosity 

v. Unit outward normal vecto.-

c Density 

a . . Stress tensor 

o7. Deviatoric stress tensor 

(JJJ Effective" deviatoric stress ( a ' « ( | a' a') 1 ' 2 J 

9 Temperature 

0 Time derivative of teiperature 

9 Specified surface temperatures 



Chapter I 

INTRODUCTION 

This document describes the input data and control cards necessary to 

uso the computer code, COUPLEFLO. It nlso contains Bample problems that 

illustrate application of COUPIEFLO. Description of the governing equa­

tions, finite element formulation, and solution algorithms are contained 

in a separate document [l]. 

The computer code, COUPI£FLO, is capable of analyzing plane ."train or 

axisymmetric creeping viscous flow of temperature dependent non-Newtonian 

fluids or viscoplastic solids. The analyses apply to systems in which 

inertia can be assumed to be sufficiently small to be neglected and elastic 

response can be assumed small in comparison to viscoplastic behavior. Non­

linear behavior can be analyzed in COUFLEFLO using either variable stiffness 

or pseudo-force methods, including the secant modulus, tangent modulus and 

initial stress technloues. 

Thermal analyses in COUPIEFLO are performed using a finite element 

formulation of the conductive-convective heat transfer equation. A Crank-

Nicholson implicit finite difference scheme is utilized for time integra­

tions of the temperature distribution. Temperature dependent thermal 

conductivity and co:.vective boundary conditions are included in the formu­

lation. 

Coupling between the thermal and mechanical solutions may be simulated 

using COUPLEFLO. This coupling includes viscous dissipation, temperature 

dependent material properties, temperature dependent body forces, material 

convection and changes in geometry. Either control volume (Eulerian) or 

control mass (Lagrangian) reference frames may be specified. Both transient 

and steady-state analyses are possible. 

9-10 



Chapter II 

SAMPI£ FROBIErC 

2.1 Introduction 

Tho purpose of this chapter lo to demonstrate to the user the procedure 

in netting up problems for .-solution by COUPIEFIiO. This will bo accom­

plished by solving two problems that were formulated to reveal some of the 

more interesting options available in the code. Where input cards are dis­

played the reader should refer to Chapter IV which contains card descrip­

tions and format specifications for the input. In addition, any self-

consistent set of units may be used for input to COUPI£FL0. In regard to 

this, no units will be shown for either sample problem. 

^.2 Compression of a VIscoplastic Tube 

The first problem considered was an example of plane atrain deformatioi. 

of a viscoplaatic tube made of an aluminum-like material. The actual thcrmo-

mechanical system we wish to model is depicted in Fig. 2,1. We assume that 

symmetry exists about both x and y axes and hence the problem is only solved 

in the quarter plane. Furthermore, the thermal flux is specified to be zero 

arros^ the exposed cross sections and convection boundary conditions are 

imposed along the inside and outside surfaces. A line force is applied 

along a line parallel to the y-axis. The material deformations are 

followed in time in a planar geometry. The assumed constitutive equation 

is linear and independent of temperature and has the form 

:rT'r = 131700 e ^ . - w 

11 
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Figure 2.1. Plane Strain on a Viscoplastic Tube 
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Fina l ly , the material composing the viscoplas t ic tub" is assumed to have 

o density of .096, a heat capacity of 1350, and a constant conductivity 

of ?,.3&. 

The solution of the problem Is In i t ia ted by chnraeteriai iw « quarter 

of the ring Willi t r iangular elements usin,.- '.•"i'.CU'i. The following data net 

yjf luc the ouarter riiiK ieplcted in Kit -. -'..' 

0.0 5.0 0.0 5.0 

1 

9 

u.o 
!'.25 
5.0 
'*.938>t 
U.7552 
•*. 0*420 
3.30U2 
3.9058 

3 
0 0 
0.0 
0.0 
0,0 
0.7828 
1.5'*5l 
1.3133 
1.2361 
0.6237 

0 0 0 0 

Number of subregions 

plot l imi t s 

Elope of diagonal indicator 

write to TAP£9 nodal point 
coordinates and element 
def in i t ions 

Number of d iv i s ions , connec­
t ion to previous subregions, 
and BUbreglon coordinates for: 
Bubregion #1 

3.80U2 
Jt.OteO 
it. 7552 
1*.1*550 
l4.o'*51 
3.1*383 
3.2361 
3.5>6i*o 

1.2361 
1.3133 
1.51*51 
2.2700 
2.9389 
2.1*981 

3511 
1.8160 

0 0 0 0 

subregion #2 

3.2361 
3.U383 
U.01*51 
3.5355 
2.9389 
2.1+981 
2.3511 
2.8381* 

3 
3 0 
2 .35U 
2.1*981 
2.9389 
3.5355 
U.0U51 
3.>*383 
3.2361 
2.828U 

0 0 0 0 

subregion #3 

13 



(1.545, 4.755) 

(0,4) 
(1.236, 3. 

(2.939, 4.045) 

045, 2.939) 

(4.755. 1.545) 

JOIN ARRAY 

LOOP* (1,1) (1,2) (2.1) (2,2) (3,1) (3,2) (4,1) (4,2) 

1 0 0 0 0 0 0 0 0 

2 1 3 0 0 0 0 0 0 

3 2 3 0 0 0 0 0 0 
4 3 3 0 0 0 0 0 0 
5 4 3 0 0 0 0 0 0 

Figure 2 . 2 . Mesh Generation for a ' i i scoplas t ie Tube 
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3 i» 
3 0 0 

2.3511 3.2361 
2 > l 8 l 3.^838 
2.938') I1.OI15.'. 
P. .'"••700 It. U 550 
1.5''51 '•.7553 
1.3133 li.0U20 
1.2361 3.801*2 
1.8160 3.561*0 

3 3 
ii 3 0 0 

1.2361 3.801*2 
1.3133 !*.0'*20 
l .S^Sl >>."i553 
.7822 '*. 938'+ 
0. 5. 
0. It. 25 
0. 1*. 
•6?57 3.9508 

0 0 0 0 

subrepion #** 

0 0 0 0 

subr^frion #5 

Th<- obvious thing to notice in Fig. 2 .2 is the higher density cf 

elements obtained along the inside rad'.us of the quarter annulus obtainfu 

by placing midside eooriiti ites of t'.e subregions closer to the inside 

radius. In addition it should ie clear that, the entire region of study 

need not have been broken up into so many subregions, but this was done 

to demonstrate to the user the method of connecting these subregions. 

Proceeding, the frontal solution is accomplished by inputting the 

following data deck to FR0NT9: 
9 reud from TAPE9 nodal point coordinates 

and element definitions 
108 259 259 0 6 6 0 temperature mesh construction 

0 number of elements in temperature mesh 
not composed of material type 1 

-1 manual element selection for temperature 
mesh 

1 108 1 element ordering in temperature solution 

108 !*l*2 259 183 9 6 3 viscous mesh construction 

0 number of elements in viscous mesh not 
composed of material type 1 

-1 manual element selection for viscous mesh 

1 108 1 element ordering in viscous solution 

15 



This permits the user to specify the order in vhioh the relevant equations 
are formulated and solved, and reduces the amount of in-core storage 
necessary. The actual therocaechanical analyses are then performed with 
the following cards used as input to PXAS79: 

1 number of materials 
.096 1.850.0 0.0 3.38 0.0 3.38 0.0 .001 Material type 1 
1*3900. 0.0 1.0 0.0 0.0 0.0 0.0 0.0 definition 

0 nuabar of 
constraints 
released 

500.0 1.0 250. 1.0 3 Ti» conversion 
factor, T^, h, 
RYES 

1 103 6 3 
6 12 6 1 
18 18 1 2 
zh 30 6 1 
36 kz 6 2 
US 5b 6 1 
60 66 6 2 
72 78 6 1 
8% 90 6 2 
96 102 6 2 

108 108 1 2 

surface convection boundary 
conditions 

1U 
1 7 1 3 0.0 0.0 0.0 

253 2f8 1 2 0.0 0.0 0.0 
259 259 

5 
5 

1 2 0.0 

5 
10 

-500,0 0.0 

O.o decay constant for heat sources 
(no decay) 
applied forces, Imposed velocities 
and temperatures, specified heat 
fluxes and nodal point restraints 

print and punch controls 

1 1.0 type of solution performed rirst, 
coupling, type of analysis 
solution controls 
tart Mm,, problem tiaa and convergence 
controls 
do not -write ITP1 array 
restart indicator and number of 
ineraaeota to he read from tape 8 

0 2 0 1 30 5 5 1 
100.0 0.1 

0 
0 

0.1 

0 

1.0 1.0 

16 



Fina l ly , we wish t o plot the r e s u l t s . Inputt ing the following cards in to 

PLOT9 r e su l t s in Figs . 2.3 through 2 .5 . 

9 rea.i from 'EKFE9 nodal point 
coordinates and element 
def in i t ions 

6 1 

5 10 15 20 25 30 

number of plots and 
symmetry flag 
increment numbers plotted 

-7.0 7.0 -7-0 7.0 

253 
2 
7 

79 
1 
6 

259 
3 .o 

7 
1 
7 
2.0 .50 

.50 plot limits and magnification 

nodal points used as plotting 
boundaries 

vector length, increments 
between isotherms, cutoff 
velocity 

Here, the option of displaying a symmetric half of the region of analysis 
is selected. Fig, 2,3, the time history of the mesh deformations, shows 
the continuous flattening of the tube by the applied force. In Fig. S.k 

the time history of the velocity fields shows that only a section of the 
tube is moving at any given time. This is not true since the velocity 
field is continuous over the domain, but appears beceuse of the relatively 
high cutoff velocity, .5, chosen during plotting. Also, from Fig. 2.It, 
we see that as time progresses more and more of the material velocities 
exceed the cutoff velocity. Finally in Fig. 2.5, which is the time history 
of the temperature distributions showing the temperature isotherms, we see 
the surface cooling due to convective losses and the heating due to viscous 
dissipation in the vicinity of where the force was applied. 

17 



Figure 2.3. Time History of the Mesh Deformation for the 
Viscoplastic Tube (time progressing from top 
to bottom) 
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Figure 2.U. Time History of the Velocity Distributions for 
the Visooplastic Tube (tijne progressing from 
top to bottom) 
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Figure 2 .5 . Time History of the Temperature Distributions for 
the Viscoplastic Tube (time progressing from top 
to bottom) 

20 



2.3 AxiBymmetric I-low Through n Reducing Duct 

The second preblem considered was the flow of ?i roft v-'.neoplastic 

material through n rlf.*id recucinr :uct. A -\v 1 in :ric-' : : .iv vf ir.ntcrinl 

is fcrce! through « blunt duct such that tin- i v i u c .: STOSB section has 

an nren onuel to one-thlru of the plur. np •«. Thi." thi-risomi-elmnicnl system 

we wish to mode] i r 'ii-plctf>i in Flp. ?.(>. HIT"-, i t cun 1" s'-en Hint the 

duct sides are f r i c t ion less except nlfnr, u,<- !'«••- pi rpeiu: iculnr to the 

ax ia l d i rect ion where no s l i p occurs. A constant inlf t prersure and fixed 

temperature are imposed on the viscoplr-.stic irifiVrial entering the duct. 

The axia l thermal gradients on the horizontal surfao of both the product 

and the xposed horizontal surfaces of the ':uct are zero, while the l a t e r a l 

surfaces of the emerging material and duct r.r-- subject to ct.nvective heat 

loss to the surrounding a i r . Since the contuiri'-r ne«ds to be considered 

only in the thermal so lu t ion , we incorporate the two mesh capabi l i ty of the 

code; tha t i s , in the thermal solution we include the en t i r e system, but in 

the viscous solution only the viscoplas t ic material i t s e l f is included while 

the r igid duct i s neglected. 

We begin the solution of t h i s problem as before by dividing the 

region of analysis into elements. Using the following cards as input t o 

MESH9 yields the plot shown in Fig. 2 .7 . 

7 number of subregions 

0.0 10.0 0.0 18.0 plot l imi t s 

1 slope of diagonal indicator 

9 write to Tape9 nodal point 
coordinates and element definitions 

21 



OUTLET 

MATH 

P* 0.289 

Cp - 4162 

k - 0,775 

MAT I 

p -0.096 

Cp • 1850 

k - 3 . 3 8 

INLET 

i l - h l H ) 

NO SLIP 
BOUNDARIES 

* , - l O 0 

Figure 2 .6 . Axisyirraetric Flow Through a Reducing Duct 
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(0,18) <2,18> 

(0,12) 

(0,7.5) 

(10,12) 

(10,7.5) 

(10,0) 

JOIN ARRAY 

LOOP* (1. 1) (1. 2) (2, 1) (2, 2) (3, 1) (3, 2) (4, 1) (4, 2) 

1 0 0 0 0 0 0 0 0 
2 1 1 0 0 0 0 0 0 
3 2 3 0 0 0 0 0 0 
4 3 4 0 0 0 0 0 0 
5 4 3 0 0 0 0 0 0 
6 5 4 0 0 0 0 0 0 
7 2 4 4 4 6 4 0 0 

Figure 2.7. Mesh Generation for Flow Through a Reducing Duct 
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0 0 0 0 
0 . 0 12.0 
i.25 12.0 
" . 0 1P.0 
2 . 0 1'».0 
r\o .18.0 
i .;5 ia.o 
0 . 0 18.0 
0 . 0 15.0 

3 3 
l 1 0 0 

2 . 0 12.0 
1.25 12.0 
0 . 0 12.0 
0 . 0 9.75 
0 . 0 7.5 
1.25 7.*> 
2 . 0 7.5 
2 . 0 9.75 

3 li 
2 3 0 0 

2 . 0 7.5 
1.25 7.5 
0 . 0 7.5 
0 . 0 ' 4 . 1 
0 . 0 0 . 0 
1.00 0 . 0 
2 . 0 0 . 0 
2 . 0 ' t . l 

U U 
3 k 0 0 

2 . 0 7.5 
2 . 0 U.l 
2 . 0 0 . 0 
3.75 0 . 0 
6 . 0 0 . 0 
6 . 0 3.9 
6 . 0 7.5 
3.75 7.5 

h 3 
k 3 0 c 

6.0 7.5 
6.0 3.9 
6.0 0 . 0 
8.0 0 . 0 

10.0 0 . 0 
10.0 3.9 
10.0 7.5 

8.0 7.5 

Number of divisions, connection 
to previous subregions, ann sub-
region coordinates for: 

. sutreeion #1 

.subregion #2 

> subregion #3 

•subregion #U 

subregion #5 

2U 



3 3 
5 U 0 

6.0 7.5 
8.0 7 .5 

10.0 7.5 
1 0 C '-.''5 
10.0 12.0 
a.o lr.o 
6.u 12.0 
f..o 9.75 

2 1 Li I f 

2 . 0 12.0 
2 . 0 9.75 
2 . 0 7.5 
3.75 7.5 
6.0 7.5 
6.0 9.75 
6.0 12.0 
l t .0 12.0 

It is essential to construct the mesh such that the region in which the 

viscous flow will occur will be the first elements defined. Thus, when the 

number of elements are specified in the frontal solution program for both the 

temperature and viscous analyses the correct elements will be obtained. This 

may be made clearer by referencing Fig. 2.8 and 2.9 which are obtained from 

PL0T9. Fig. 2.8 shows the element mesh for the viscous solution and its 

symmetric half about the centerline. This :iesh is ec.pcse(. of the first 

IIUMEI2 elements generated by MESH9 where NUMEIi2 is explained in Chapter If-. 

Fig. 2-9 shows the element mesh for the tenroerature solution, and its syi-

-.etric half about the centerline. This mesh is composed of KUMEL1 elements 

where a^ain NUMEL1 is explained in Chapter k. 

Proceeding as before the frontal solutions are accomplished with the fol­

lowing data cards: 

9 read from TAPE9 nodal point coordinates and 
element definitions 

l61* 371 371 0 6 6 0 temperature mesh construction 

0 0 

,• subr<-gion #7 

25 



66 

99 lfi. 

0 

1 2 

gli 1 

;18 536 

n 

371 165 

number of "lenient? not composed of material 
type 1 in thermal mesh 

remaining element numbers and material nrjr.i. •• 
autowti" element selection for temperature 

mesh 
in automatic element selection start, wit.!, 

element number 2'i nr.- pick the f:\\';.•!• • 
elements such that the :nost nodal p:.::.u-
are completed 

9 6 • viscous mesh construction 
number of elements not composed of mate v: 

type 1 in viscour mesh 
C automatic element selection for viccou:: r..-

2!i 1 in automatic element .-election start with 
element number 2h and Dick the follow­
ing elements such that the .r.ost r.<v.,-,l 
points are completed 

Here, ai-jain, the importance of the mesh construction is emphPsized. In the 
first frontal solution ac otr.plisherc, that associate': with the temperature 
analysis, all 16>I elements are used. In the second frontal solution, that 
associated with the vjncouc flow problem, only the first 98 elements are 
used." Thus the 2 mosh capability of COUPLEFLO is exercised. 

The thermomechonicol solution is accomplished by inputting the follow­
ing car is into FLASTCi. 

2 1 number -.i 
• naterials 

.006 1850.O 0.0 3.38 0.0 3.38 0.0 .1E-11 materiel 
-"-30.00 0.0 .20 0.0 0.0 0.0 0.0 0.0 type 1 
' ' defir.it ion 

.2 t - ii 162.0 0.0 .'Co ° ' • 7 7'" °-^ 0 > 0 material 
0.0 0.0 •:. ) 0.0 0.0 0.0 O.O 0.0 type 2 

definition 
number of 
constraints 
release'! 

100. 1.0 0.0 ->.u 3 I Ti> c < '•"' •" '" 
tior. facte-, 
T_, h, I-.VPE 

116 122 2 2 > , surface convec-
12g ll»o 6 1 ) I tier, boundary 

conditiens 
0.0 { half life for 

b 1 ) 
! 
/ naii J heat : 
I decay 

sources (no 

26 
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59 
161 161 1 - 1 0 . 0 - . H I S S E S 1 0 0 . 0 
l 6 o 160 1 - 1 0 . 0 .1U82967E5 100 .0 
159 159 1 - 1 0 . 0 .1U82962E5 1 0 0 . 0 
158 158 1 - 1 0 . 0 .UUI10000E5 1 0 0 . 0 
157 157 1 - 1 0 . 0 .2967028E5 100 .0 
156 156 1 - 1 0 . 0 , ? la0387E5 100 .0 
155 155 1 - 1 0 . 0 .!4669?!*1E5 100 .0 
170 170 1 - 1 0 . 0 .1306222E6 100 .0 
179 179 1 - 1 0 . 0 .8093II31E5 1 0 0 . 0 
108 188 1 - 1 0 . 0 .2O52090E6 1 0 0 . 0 
197 197 1 - 1 0 . 0 .12^7252E6 100 .0 
206 206 1 - 1 0 . 0 .3036739E6 100 .0 
215 215 1 - 1 0 . 0 .1790U98B6 100 .0 
22'i 2?'* 1 - 1 0 . 0 .U28l26i*E6 100 .0 
233 233 1 - 2 0 . 0 .12l*lU*5E6 1 0 0 . 0 
226 232 1 2 0 . 0 0 . 0 0 . 0 
162 225 r, h 0 . 0 0 . 0 0 . 0 

6L 99 7 It 0 . 0 0 . 0 0 . 0 
7 7 l It 0 . 0 0 . 0 0 . 0 
1 57 7 2 0 . 0 0 . 0 0 . 0 

70 160 

] 
1 

1 

7 

I 

- 1 

0 . 0 

} 
0.0 

0 . 0 0 . 0 

1 -2 1 1 1 2 3 

100 .001 . 1 .001 .001 

applied forcer , Impose-
c i t i e s and temperature: 
spec If i co heat fluxes .• 
nodal point restraint.-. 

pr int and punch contrr.ls 

type of solution perfonue" firr." 
coupling, tyce of analyeifi 

0 solution controls 

iwucimuia problem time and 
convergence controls 

do not v r i t e ITP1 array 0 

0 0 

Here the assumed constitutive equation for the flowing viscoplastie materifil 

restart indicator and number 
of increments to be read 

O j x = 9750C e ^ 5 (2.2) 

v;hilf- none is needed for the duct and container since they are not included 

in the viscous solution. In addition, the material properties for the 

flowing viscoplastic material are taken as those used in the compression 

of the viscoplastic tube. The container is assumed to have a density of 

.269, a heat capacity of M 6 2 , and a constant conductivity of .775. The 

27 



iescription of i.h< reduction system is completed by the specification of th^ 

no slip conditions a]on« the interior of the die. Finally only th'. steady 

statp solution is required. 

Rft(:r completion of the thermomechanical solution of the problem, 

plots may be obtained by inputting the following cards into PIJOT9. 

9 read nodal point coordinates and element 
definitions from TAFE9 

1 1 number of plots and symmetry 

2 increment numbers plotted 
-1-..0 10.0 0.0 20.0 1. plot limits and magnification 

9h \ 
57 63 1 
56 7 7 

330 366 6 
323 329 1 
322 2gU 7 
279 287 1 
278 170 9 \ nodal points used for plot boundaries 
155 161 1 
160 155 1 
170 233 9 
232 225 1 
216 162 9 
99 99 1 
7 7 1 

,5 5. .0^0001 vector length, increments between isotherms, 
cutoff velocity 

Again the option to plot the symmetric half of the region of analyses is 

selected. From these input cards we obtain Figs.2.8 through 2.11 which 

show the element meshes used for the reduction system, along with the 

steady state velocity field and temperature distributions obtained. As 

previously mentioned, Figs. 2.8 and 2.9 show the meshes used for the 

viscous and temperature analysis. Fig. 2.10 is the steady state velocity 

profile which reveals the stationary layer of material in the vicinity of 

28 



where the nc slln conditions were imposed. Also from Fig. 2.10 we 

see the parabalic nature of the magnitude of the velocities, which effects 

the temperature li-tributions, both from convection and viscous dissipation. 

Fi,-.-. 2.1] shows the steady state temperature distribution cf the isotherms. 

The effect of the parabolic velocity distribution becomes oviuent as iso­

therms are carried ahead along the centerline. Also, the high thermal 

gradients near the inlet of the duct are seen together with uie surface 

cooling of the -luct from the convective losses. 

29 
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Figure 2.8. Visciu^ ::e3h Tor Flov Through & Bcducing Duct 
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Figure 2.9. Temperature Mesh for Flow Through a Reducing Duct 
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Figure 2.11. Temperature Distribution for Flow Through 
a Reducing Duet 
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Chapter III 

EXECUTION INSTRUCTIONS FOR COUPI£FLO 

The current COUPLEFLO program has been subdivided into four separate 

programs named MESH9, FRONTy, PIART9, and PL0T9. The function of those 

four programs in to respectively generate the mesh, set up the frontal 

solution, solve the thermomeehanicnl problem and plot the results. The 

primary reasons behind the substructuring of the COUPI£FLO code was to 

1) allow the user to execute the program in stages which allow for 

verification of separate steps, ?) allow the user convenient entry points 

into the code to permit efficient parameter studies, 3) and to reduce the 

central memory requirement which improves turnaround time. 

The substructuring of the COUPI£FLO program necessitates a communication 

betv en each of the subprograms. As will be seen ir> the appendix containing 

the input instruction, a few options are available to the user as to how 

information will be passed from one program to the next. In other cases, 

no option exists for the transfer of data, and the user must either regen­

erate the necessary data for subsequent problem execution or, after initial 

data generation, may store it in permanent file space. An example of the 

option in transferring data is the nodal point coordinates and element defini­

tions calculated in MESH9. This information is necessary in both the frontal 

solution and the plotting programs. An option exists as to whether this 

information is written on to a disk file, TAPE9, which is suitable for cata­

loging, or whether the user will obtain a punched deck of the data. An 

example where no option is available is the frontal solution arrays for the 

temperature and viscous flow solutions, which are written onto TAPE1 and 

TAPE2, respectively. Presently the only way of saving these files, which 

are necessary in PIAST9, is to catalog them onto permanent file space. 
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The division of the COUPLEFLO code also makes for a longer control card 
sequence. The following control stream represents a possible execution of 
the entire COUPLEFIO program on the 6600 scope system. 

1. JOB CARD. 
2. ACCOUNT CARD. 
3. REQUEST,TAPE?,»PF. 
U. REQUEST,TAFE9,*PF. 
5. ATTACH,A,MESH9. 

6. UH>ATE,P=A,H,F,C=CA,W. / ^4 ^ execute the 
, mesh generator 

7 . FTN,I=CA,L=0,B=BA. 
8 . C0Ll£CT,LG0,DISSPLA,SMALLl»2,FTI«JB. 

9 . BA. 

( Save nodal point 
coordinates and 
element o«finitioni 

U . REWIND ,TAPE9. 
12. RFL,135000. 

13 . REQMESI^TAPEl^PF. 

Ik. REQUEST,TAPE2,*PF. 

15 . REftUEST,TAPE10;»PF. 

16. ATTACH,B,FR0HT9. 

17. UPDATE,P»B,N,F,C«CB,W. 
Load and execute frontal solution 

18. FTH,I-CB,L«0,B«BB. ( program 

19 . COLLECT.LGO.FTBUB. 

2 0 . BB. 

2 1 . CATALOG,TAPEl.AHY FILE *AME,C!I-A1IY PASSWORD. \ S a v e I T p l a r r a y , 
«« I for thermal and 
2 2 . CATAL0G,TAPE2,Aire FILE SAME,Cir«AllY PASSWORD. > v i » c o u B meshes 

I along with the 
2 3 . CATALOG.TAPEIO.AKY FILE HAK8,C*-AHY PASSWOED. J n e c e o a r y camon 

block 
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. REWHTO.fAPEl. 

25. REWIND,TAPE2. 

26. REWIND,TAPE10. 

2? . RFL.135000. 

28. ATTACH,C.PIAST9 \ 

29. UPDATE,P-C,«,F,C=<:C,W. I 

30. FTN,I=CC,L=0,B«BC. \ I<°*d * " d execute the 
J thermoneehanieal solver 

31. COLLECT,LCO.FTNLIB. I 

32. EC / 

33. RETURN.TAPEl. 
31*. RETURN,TAPE2. 
35. EETURN.TAPEIO. 

36. REHIND,TAPE9. 

3?. RFL,135COO, 

38. ATTACH,D.PL0T9. \ 
39. UPDATE,P«D,N,F,C-CD,W. I 

1*0. FTN,I-CD,L=0,B-BD. > toe p i t t i n g program 

Ul. C0LLECT,LC»,DISSPLA,SMALLl*2,FTNLIB. I 

1*2. BD. / 

^3. END OF RECORD CARD. 
1*!*. UPDATE DECK FOR MESH9. 
1*5. END OF RECORD CARD. 
1*6. DATA DECK FOR HESH9. 
1*7. END OF RECORD CARD. 
1*8. UPDATE DECK FOR FR0NT9-
1*9. END OF RECORD CARD. 
50. DATA DECK FOR FRCBT9. 



51. END OF RECORD CARD 
52. UPDATE DECK FOB PIAST9. 
53. Q*D OF RECORD CARD. 

51*. DATA DECK FOR PMST9, 
55. END OF RECORD CARD. 
56. UPDATE DECK FOR PLOT9. 
57. END OF RECORD CARD 
58. DATA DECK FOR PLOT9 
59- END OF INFORMATION CARD 
60. END OF INFORMATION CARD 

Here we are assuTinc that the nrOal point coordinates navo been written <-nt«-
TAPE9 and v.e wish to save them. Furthermore, the contents of TAPE1 end 
TAPE2, as noted previously are to be cataloged. TAPE10 which contains a 
common block defined in FR0NT9 and is needed in PIAST9 is also saved for 
later use. TAPE7 which is written onto by MESH9 and 7T/J19 must also be 
equivalenced to a permanent file in order to obtain hard copy plots. 
Obviously the user may execute any of the four separate programs by 
accessing the necessary data, if any, and executing that specific program, 
which is the recommended procedure. Similarly, the following control 
stream represents a possible execution of the entire COUPU5FL0 program on 
the 7600 scope system with the identical options used in the 6600 control 
stream: 

1 . JOB CARD. 

2 . ACCOUNT CARD. 

3 . ATTACH ,DISSPIA,DISSPIA. 

k, ATTACH ,FXSCOSS,FXSCORS. 

5 . LIBRARY,DISSPIA,FXSCORS. 
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Load and execute the mesh 
Ronorator 

Load and execute frontal 
solution program 

6. FILE,A,RT=S. 

7. ATTACH,A,HESH9. 

8. UPDATE, P=A,F,W,C=CA. 

9. FTN,I=CA,P.=BA. I 

10. BA. / 
Cave nodal point 

1 1 . CATALOG,TAPF.9,ANYFILE NAMK,CH=ANY PASSWORD.(coordinates an-i 
" e l emen t d e f i n i t i o n s 

1 2 . FILS,B,RT=S. 

1 3 . ATTACH,B.FR0MT9. \ 

l ' i . UPDATE,P-B,F,V.',C=CB. | 

1 5 . RKWIMD,TAPE9. 

16 . FTN,I=CB,B=BB. 1 

1 7 . BB. ' 

1 8 . CATALOG ,TAPE1,ANY F l i t HAME.CN-AHY PASSWORD. \ Save ITP1 a r ray ; ; 
I f o r t h e r m a l and 

1 9 . CATALOG.TAFF.2,ANY FILE HAME,CH=ANY PASSWORD. \ v i s c o u s meshes 
I a l o n g w i t h t h e 

2 0 . CATALCO,TAPE10,ANY FILE NAME,CN*ANY PASSWORD. I n e c e s s a r y common 
' b lock 

2 1 . FILE,C,RT=S. 

2 2 . ATTACH ,C,PIAST9. 

2 3 . UPDATE,P=C,F,W,C=CC. 

21). REWIND,TAPE1. 

2 5 . REWIND,TAF22. 

2 6 . REWIND,TAFE10. 

2 7 . FTN,I=CC,B=BC. 

2 8 . BC. 

2 9 . FILE,D,RT=S. 

3 0 . ATTACH ,D,PL0T9. 
3 1 . UPDATE, P=D,F.W,C=CD. 

3 2 . REWIND,TAPE9. 

Load and execute the thermo-
mechanical solver 

Load and execute the plotting 
program 
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33. FTN,I=CD,B=BD. | 
, Load and execute the plotting program 31*. BD. \ 

3 5 . END OF RECORD CARD. 

3 6 . UPDATE DECK FOR MESH9. 

3 7 . EUD OF RECORD CARD. 

3 8 . DATA DECK FOR MESH9-

3 9 - END OF RECORD CARD. 

liO. UPDATE DECK FOR FRONT9. 

1*1. END OF RECORD CARD. 

'»2. DATA DECK FOR FRONT9. 

U3 . END OF RECORD CARD. 

It'i. UPDATE DECK FOR PIAST9. 

>*5. END OF RECORD CARD. 

1)6. DATA DECK FOR PIAST9. 

1)7. END OF RECORD CARD. 

1*8. UPDATE DECK FOR PLOT9. 

1*9. END OF RECORD CARD. 

5 0 . DATA DECK FOR PLOT9. 

5 1 . END OF INFORMATION CARD. 

5 2 . END OF INFORMATION CARD. 

COUPLEFLO is also available on the Sandia 6600 NOS Time Sharing Computer. 
A procedure file has been written to allow the user to execute one of the 
subprograms comprising COUPLEFLO or a sequence of the subprograms. Also, 
options exist as to whether the users input files and a few of his output 
files used to execute the subsequent programs are saved on his permanent file 
space. Finally, it is also possible for the user to receive a printer copy 
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of the output from each of the executed programs. To select the desired 
options, the user must set three intercut! registers on the NOS system. These 
throe resistors have the following functions: 

Rl IS A FLAG USED TO DETERMINE WHICH PROGRAMS WILL BE COMPILED AND/OR RUB. 
IF Rl=i THEN THE PLOTTING PROGRAM IS COMPILED AND EXECUTED 
IF Rl=2 THEN IT IS ASSUMED A COMPILED VERSION OF THE PLOTTING PROGRAM 

EXISTS AND IT IS EXECUTED 
IF Rl='* THEN THE VISCOUS/TEMPERATURE SOLUTION PROGRAM IS COMPILED AND 

EXECUTED FOLLOWED BY THE RESULTS OF SETTING Rl=l 
IF Rl=5 THEN THE RESULTS ARE THE SAME AS Rl='< EXCEPT IT IS ASSUMED THAT 

A COMPILED VERSION OF THE VISCOUS/TEMPERATURE SOLUTION EXISTS 
IF Rl=6 THEN THE PROGRAM CALCULATDIG THE FRONTAL SOLUTION WILL BE 

COMPILED AND EXECUTED FOLLOWED BY THE RESULTS OF SETTING Rl=fc 
IF RL=7 THEN THE RESULTS ARE THE SAKE AS Rl=6 EXCEPT IT IS ASSUMED THAT 

A COMPILES VERSION OF THE FRONTAL SOLUTION PROGRAM EXISTS 
IF Kl=8 THEN THE PROGRAM CALCULATING THE MESH WILL BE COMPILED AND 

EXECUTED FOLLOWED BY THE RESULTS OF SETTING Rl-6. 
IF Rl=9 THEN THE RESULTS ARE THE SAME AS Rl=8 EXCEPT IT IS ASSUMED THAT 

A COMPILED VERSION OF THE MESH CALCULATION PROGRAM EXISTS 
FURTHERMORE BY SETTING Rl TO THE NEGATIVE OF ANY OF THE ABOVE VALUES PRO­
GRAM EXECUTION TERMINATES WITH THAT PARTICULAR PROGRAM. THIS ALLOWS FOR 
PROGRAM AND/OR OUTPUT VERIFICATION FOR ANY PARTICULAR PROGRAM. THE USER 
IS ADVISED. TO USE THIS OPTION UNLESS HE HAS SOME PREVIOUS INDICATION THE 
PROGRAM WILL WORK IN ITS ENTIRETY. 
REGISTER R2 IS USED TO DETERMINE IF THE USER WISHES A PRINTOUT OF ANY 
OF THE RESULTS OBTAINED FROM ALL OF THE PROGRAMS EXECUTED. THE OUTPUT 
IS OBTAINED IN THE TERMINAL ROOM IN BUILDING 806--ROOM 159. 
IF R2=0 THEN NO PRINTOUT IS OBTAINED 
IF R2=l THEN A PRINTOUT IS OBTAINED 

REGISTER R3 IS USED TO DETERMINE IF THE USER WISHES TO SAVE IN HIS PER­
MANENT FILE SPACE ALL INPUT DATA TO THE PROGRAMS AND INFORMATION GENERATED 
BY AN EXECUTED PROGRAM THAT IS USED IN EXECUTING ANY SUBSEQUENT PROGRAM. 
IF R3=0 NOTHING WILL BE STORED IN THE USERS PERMANENT FILE SPACE 

IF R3=l THEN ALL INPUT DATA AND INFORMATION USED IN EXECUTING SUBSEQUENT 
PROGRAMS WILL BE SAVED IN THE USERS PERMANENT FILE SPACE 
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ORDER TO SET AMY OF THESE OPTIONS THE USER MUST TYPE THE 
SET(RI=N). THIS ASSIGNS TO REGISTER I THE VALUE OF H 
SUPPOSE THE USER WISES TO ONLY EXECUTE THE MESH GENERATION' 
PROGRAM AND DOES NOT WANT A PRINTOUT OF THE OUTPUT BUT DOES 
WANT TO SAVE ALL FILES NECESSARY IN RERUNNING THE MESH PRO­
GRAM AND EXECUTING THE SUBSEQUENT PROGRAMS. THE USER THEN 
SETS THE THREE REGISTERS IN LIKE MANNER 

SET(Rl=-8) 
SET(R2=1) 
SET(R3=0) 

THE NOS SYSTEM WILL ECHO EACH COMMAND BACK TO THE USEB. 

Due to the limits on permanent file space on BOS at this time it in impos­

sible to save the frontal solution arrays and the common block defined in 

FR0I;T9- Therelor'.-, the user must rerun this program every time he wishes 

to execute PIAST9, or have them saved on a mountable magnetic tape. 

Finally to invoke the procedure file the user must specify the nmr.nr. 

of the files that contain all necessary input to any of the programs execu­

ted. This is done at the time of execution of the procedure file by '•quiva-

lenclng a code letter to the file name containing the necessary input. The 

code letter and the file associated with that code letter are described 

below. Hence, if the user wishes to only execute the mesh generation 

program and obtain a printed output, without saving the file containing 

the nodal point coordinates and element definitions he would set the 

necessary registers, as shown in the above example, and call the procedure 

file by typing 

-UCOUPLE(L=FN) 

where FN is the users file name ontaining the input to MESH GENERATOR. 

L = File Name containing the input to the mesh generation program 

M = File name containing the nodal point coordinates and element 
definitions if the user selects the option to save this data in 
permanent file space, (SET(R3=1)) 

FINALLY IN 
FOLLOWING; 
EXAMPLE: 
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N = File name containing the input to th<- frontal prrvr'ur. 

0 = File name contain: np, the input to the viscous -:ne t'-jnp"rature 
solution :irotfram 

P = File name containing tin: plot lata if the u.--.'»r :;->l--i-t:- the option 
to save tlii:; 'lata in permanent ri3• • :-paee 

Q - File name containing the inp'Jt to the plottim; proiTam 

File-.' Require-: 
Program Executed I V. N 0 P U 

MESH'.J * J 

FE0KT9 * * 
PLAST9 * / 
PL0T9 * * K-

Asterisks -ep'-es-'nt necessary filer; to the profrr;jjr. 
executed. 

Checks represent files necessary to the program 
executed with the R3 register set to one option. 
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Chapter IV 

INPUT IHSTRUCTI0K3 FOR COUPtEFLO 

k.l Introduction 

The next few pages to bo found in thla chapter are instructions to 
data input into ouch of the four separate programs comprising COUPIEFtO. 
The following conventions apply for each cord: 

1) Following the card number and the format in which the data is 
typed a brief description of the information contained on the card 
is given. Included in this information are the circumstances as 
to whether or not this card is contained in the input deck and how 
many times it is read. 

2) The subscripts on a variable name indicate the columns in which 
it is to be punched, e.g., -liVarpg indicates Var is to be punched 
in columns 11 through 20, according to the specified format. 

3) If a coded response is necessary in any of the input, the options 
allowable and the results of setting the option to a particular 
value a»e displayed directly after the description of the variable 
being considered. 

**) Very few default values are incorporated into any four subprograms 
that comprise COUPLEFLO and the user is strongly urged to specify 
all variables explicitly. Any variable that is defaulted though 
is shown in the input instruction as the default value in paren­
thesis following the variable description. 

5) Card inputs to each of four subprograms must be sequential; that 
is, Card 2 must follow Card 1 and if Card 7 is omitted Card 8 
mist follow Card 6. 
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6) In addition, when the user selects coupling between the mechanical 
and thermal systems, he Is advised to begin first with the solu­
tion of the mechanical system. This is always the case unless 
there are no initially prescribed forces or nonzero velocities 
whereupon the user may then begin with the solution to the thermal 
nyctem. 
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'..2 Iijput Inst ruct ions for MESH9 

Curd 1 Foraat (110) 

Card ! specif ies the number of aubregionc into which thf e n t i r e domain 

being studied wi l l be divided. Thin in par t i cu la r ly useful in obtain­

ing' b e t t e r resolut ion in par t i cu la r orens by requiring more element:: 

in that ar f°a. 

JT-j? Home - Description 

,NUMLPS,- - the number of subregionc in the domain being studied 
(maximum of lk ) 

Card 2 Format (UF10.3) 

Card 2 provides dimensions for the plotted data. The bounds of the re­

gion may correspond to the size of the entire region being studied or 

may be some subset of that region. 

Vur Name - Description 

,XMIN,0 - minimum X coordinate to be plotted 

,,XMAX_0 - maximum X coordinate to be plotted 

p,YMIIJ,0 - minimum y coordinate to be plotted 

J.TMAXK n - maximum y eoordinate to be plotted 

Card 3 Format (110) 

MESH9 vill normally ^raw the diagonal through the rectangle it con­

structs, for element formulation, such that the length of the diagonal 

is a minimum. In the case where the length of the diagonals are the 

same Card 3 allows the user to specify which way the diagonal will be 

drawn. 
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Var Hame - Description 
.IDIAG 1 0 - user option for specifying how diagonal is drawn 

1 - with negative slope 
?. - with positive slope 

Card U Format (110) 
Card h allows the user to either obtain a punched deck or a disk file 
of the MESH9 duta which is necessary input for FR0NT9 and PI/DT9. 

Var Name - Description 
.IOOTPUT.Q - option to write MESH9 generated data to a punch or disk 

file 
8 - output goes to punch file 
9 - output goes to disk file which is suitable 

to be cataloged in permanent file space 
Cards 5 through 7 ore rctid as a set NUHLPS times and contain information on 
each subregion of the area of analysis. 
Card 5 Format (2110) 

Card 5 allows the user t o specify the number of rectangles in a 

pa r t i cu l a r subregion. The user can then determine how many t r i ­

angular elements w i l l be drawn in the subregion by multiplying the 

number of rectangles by 2 . 

Var Name - Description 

, I JDIV( l , l ) 1 0 - the number of divis ions on sides 1 and 3 for the I 

subregion (maximum of 13) 

the number of divis ions or 

subregion ( • » ! • • of 13) 

J - N D I V C I ^ O Q - the number of divis ions on sides 2 and 1+ for the I 
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Card K Format ('I(I7,I3)) 

Card 6 specifies the manner in which the suhregions will be connect d. 

Since Curd 6 is read NUMLPS times the information of the I Card 6 

will pertain to how the I subregion will be connected to subregions 

ulreody generated. It is necessary to specify data for connecting the 

I subregion to the previous 1-1 subregions but the user should not 

specify how the I subregion will be connected to subsequent subregions 

to IK generated. 

Var Hame - Description 

..J0IN(I,1,1)7 - which subregion the first side of the I subregion 
will be connected to 

gJ0IN(I,l,2) Q - which side the first side <-f •..:...- I t h subregion will 
be connected to 

,-^0111(1,2,1),,. - which subregion the second side of the I subregion 
will be connected to 

l8J0IN(I,2,2) 0 - which side the second side of the 1 t h subregion will 
bo connected to 

jJOINU,3,1) 2 ? - which subregion the third side of the I subregion 
will be connected to 

gJOIN(l,3,2),0 - which subregion the third side of the I subregion 
will be connected to 

,^0111(1,U,l) - which side the fourth side of the I t h subregion will 
be connected ;o 

,gJ0IU(I,1+,2k0 - v.'-vch side the fourth side of the T subregion will 
be connected to 

Card 7 Format (?:F10.3) 

Card 7 is read 8 times for each subregion. It contains one of the 

coordinates that defines the subregion currently being generated. These 
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8 coordinate- mu.̂ t be entered in counter-clock'.:! r,» fashion fror a rtar*-

lni/. point jt one corner of the subregion chosen by the user, which Lino 

defines the sides of the region. Four of the eight coordinates r.u-'. ' 

the locutions of the corner.", of the nubreglon and the remaining 'i coor­

dinate:: are locution.'; of point:; between the corners. If the user choose:-

the midside coordinatea to be midway between the corners of each side, 

•x uniformly spaced mesh of triangular elements is obtained. If the 

midside coordinates are chosen to be closer to one corner than the othr-r, 

it higher density of elements is obtained in a portion of the subregion. 

Again the need to enter the 8 coordinates in a counter-clockwise direc­

tion beginning with a corner is emphasiEed. 

Var Home - Description 

j_XC0H(I,J)l0 - the J t h x-coordinate of the I t h region 

, .YCOH(I,J).JO - the .J ' y-eoordinate of tne 1' region 

KOTK: COUPLEFT/O is currently capable of handling up to 300 elements which 
may consist of up to 700 velocity points and 500 pressure points. 
Increased dimensions of several arrays will be needed if these 
parameters are exceeded. 
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It.3 Input Instructions for FR0NT9 

Card 1 Format (115) 

Card 1 allawo the user the option to either read in the generated dntn 

fro..i MESH9 ae cards in his data deck or from a disk file. 

Vur Uaroc - Description 

.NTAPE,- - the unit number from which MESH9 data vill be read 

5 - cards in the data deck 

9 - Disc File TAFE9 

Card 3 Format (715) 

Card 2 provides information for construction of the first mesh, which 

is used in the temperature solution. 

Var Uame - Description 

JIUMELl- - Number of elements in the first mesh (maximum of 300) 

gHUKHPl.Q - Mumber of nodal points in the first mesh 

..HUMVP1 _ - Number of velocity points in the first mesh (maximum of 700) 

,,-NUMPPlpQ - Number of pressure points in the first mesh (0) 

NiJPEl - Number of nodal points per element in the first mesh (6) 

pgNVPEl,. - Number of velocity points per element in the first mesh (6) 

-.NPPEl,- - Number of pressure point- per element in the first mesh (0) 

Card 3 Format (I10.2F10.3) 

Card 3 is read NUMVP1 times and contains the nodal point coordinates 

(usually generated bylCSH9). If the user has selectee the optior. 

to read this data from disk, these cards are not contained in the card 

deck. 
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V-jr Nume - Dcccripti o:i 

.1 - Uodril point number 

,XOW)(I) Q - X-eoordin.-jte of nodal point I 

.,,VOKD(I).,0 - Y-fOoMlnm.- of nodal point I 

Card >i Formnt (10IV) 

Cord 'i is read NVMELl times and contains the nodal point number.-: 'in-: 

the pressure point number- that comprise each of the element;; (atf.-iin 

thin data is usually f/eneruted by MESH9). If the user ha- select--: 

the option to real this data from disk, these car-Is ure not contair•••: 

in the card deck. 

Var Maine - Description 

,Jl„ - Kloment number 

oNPA(Jl,l)., - First, nodal point number comprising the Jl element 

uHPA(Jl,2)_. - Second nodal point number comprising the .Jl element 

, _NPA(J1,6). - Sixth nodal point number comprising the Jl element 

c.QNP.A(Jl,7)c£ * First pressure point number comprising the Jl element 

cJiPACJl.S),, - Second pressure point number comprising the Jl element 

£JLHPA(J1,9) 7 0 * Third pressure point number comprising the Jl element 

Card 5 Format (110) 

The material reference number array, MATA, is initialized to all l's 

for the temperature mesh by the program. Card 5 allows the user to 

change the material composition of any of the elements he desires. 
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V-ir Kaito - Description 

1NOTOHK. - Number of elements In the temperature mesh thot ure not 
'."w.pij. • : of ir.fit' !".;.1 r"'fiT"H<'" number 1 

" ii : <- Form.'it ;•'•!!>) 

1!" HOTCWK (Ciiri ')) h.'is pr- Yiousl.v •• n .-••t to •., U.-n c.-iri (. must not 

;;;>P"-:t" in t.re- c . r i j'-ck. Oth'-rvise vnr.i 6 contains information on the 

rvit'-riul --OT.porition of th<- • l^n)«'nt.i in th" temperature mesh. Curd 6 is 

read .S many times -ss necessary un t i l th" material composition of ,'»11 

N0T011E element:: are specif ied. 

Var Karoe - 1 "scr ip t ion 

, 1 , - th.- f i r s t element number in a Bet to be changed from mater ial 

•e.'ere!--.'' . ' e • 1 
^J - the- i i . r t element number i i a set «„u be chani ed in. . . o.e- ' .nl 

rel'ere r« >. ,: or 1 

, , R , - - the increment that wi l l be used between elements I and J in 
chuni!in« the material reference number (the same reference number) 

.•L 0 - the new material reference number for elements I through J by 
increments of K 

Card 7 Format (110) 

Card 7 offers the choice of element selection options for the frontal 

solution method in the temperature method. The user may specify either 

that the program choose element order automatically or that manual (user) 

ordering will be provided. 

Var Maine - Description 

IST¥LE l n - method of element selection 

0 - automatic element selection 

1 or -1 - manual (user) element selection 
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IT V.vnU: (Carl 7) has been set to 1 or -1, ir.anual element selection, 

then ear-l *-. must not appear In the care -leek. Otherwise car'! fc 

specifies which element shoul'l be taken first in the frontal soluti'.r.. 

Th'i u.'i'-r may then specify whether the selection of rucceecinn ele:.vnt:: 

be bas'-d on a>i')lnf! elements that will complete- the highest number of 

noiial point.-: or a'J'ilm-' the ele.-r.ent thnt will ad<i the fewest number -f 

rvw no'lul points, to the coefficient matrix. 

'•/••.r Hair.e - Inscription 

IKU: m - Klr.it "leraent to be taken in the frontal solution r.'tho-: 

I;:KI,,J0 - Element selection option 

i - r.'-l'-et:'. <.-lement that wv\~ least numb'-r of n'-w no'u>l 
points to the coefficient (stiffness) matrix 

.'' - s. lects element that completes most nodal points 

far! -I Kornwt (315 for TCTYtE - -li SOI'i for I.TFYIE = 1) 

If IHTYI.E (Carl 7) has been set to 0, automatic element selection, 

then card 9 must not appear in the card deck. Otherwise card 9 con­

tains the element numbers in the order that they are to be added to 

the coefficient matrix for the temperature mesh. If ISTYLE = -1 

card 9 is read for sequential sets of element numbers as many times 

as necessary until the order of NUMEL1 elements are specified. If 

ISTYLE = 1 then all the element numbers are specified individually. 

Var Name - Description (for ISTYLE = -1) 

^1 - the first element in a set added to coefficient matrix in the 
frontal solution 

g J 1 0 " the last element in a set added to coefficient natrix in the 
frontal solution 

51* 

http://ele.-r.ent
http://Klr.it


K. r - th« magnitude of the increment that will be used between elerr. 
elements I and J in adding the new elements to the coeffi­
cient matrix In the frontal solution (numbering may be lone 

forwards or backwards) 

V«r Ifee - Description (for ISTYLE = I) 

HIELE(1\ - the first element adied to the coefficient matrix 

IJIELE(2) - the second element added to the coefficient matrix 

NIELE(HUMELI) - the- last element added to the- coefficient matrix 

Cari 10 Format '''15) 

Card 10 is Identical in nature to card ? except that its Information 

applies to the construction of th<- second mesh which is useo in the 

viscous flow solution. Input parameters now have the forre "Var 2", <:.(-;., 

HUKEU. roa-i In the first mesh is now read in as HUMEL2 for the second 

mesh. In this case the default values for IJHPE2, HVPE2, and NPPE2 be­

come 9> 6, and 3 respectively while no default value for NUMPP2 is 

specified. The limits for HUME 12 and NUMVP2 are the same as NUMEL1 

and NIIMVP1. 

Cards 11-15 

Cards 11-15 are identical in nature to cards 5-9, respectively, except 

their information now applies to the second mesh, the mesh used in the 

viscous flow solution. 
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Included in the FR0NT9 output are the parameters JMAX (for the heet 

transfer mesh) and WAY. (for the viscous flow mesh). The magnitude 

of those values In currently limited to 6000 for JKAX and 1500 for 

KMAX In the 760O or 6600 version. On the NOS version JYAX in 

limited to 'i000 whLle K7*X is limited to 1000. Increased dimensions 

of the various stiffness matrices are required for lorf/er prob1. j.-rr.. 
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U,-. Input Instructions for IU:ZT) 

Car : 1 Format [', If) 

Card 1 i'i;nt::irin th>- nxr.b--r of :•.'::'•-vnt ixat'-:-: • ]:• in Mi- m<-.*-h'T 

Var Home - Ijescripi.ion 

HUKAT - Mur.br-r o!' nu-.t-ri-.! .• maxi:m..'r, of L". 

Caru 2 Format (iKIO. J) 

Car'! 2 is re-vi NUKAT tim>-r an'! I'-fin*-:- th<- con luctivity uiH constitutive 

equations for each of th'> material.:. The con lueti vity •qu.-iti onr. ar" of 

the form 

k (conductivity in x- :ir>rt,ion) - I'KXAI"''-

V.t (con'!ucti vity in y-'iirectjon) - hKYAI*'/ 

while the constitutive equation has the' t'onr. 

T' X , . X 2 / ' J r X-S 
I I 1 ' I I J 

•/..,!'•• 

•For l inear analyses T ' jX," ' ^ and X, = 1.0.) In audition car : P 

is use;: for the calculat ion of t'-mnerature dependent bO'iy forces for each 

of the materials at any fiven time. The relevant formula is 
v = v (1—ii.fi) where 

o 
br = 3 - •' - and 

ref 

9 _ i s the reference temperature and v i s the body forces , also given 

in t h i s card. Final ly , Card 2 allows the user to specify uniform volu­

metric heat generation in any of the mater ia l s . 
Var Harae - Description 

.RHOAUk - density of the I material 

1 1CPA(I) - - heat capacity of the I mater ial 
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...RKXAd),- - RKXA in the conductivity equation for the I material 

, 1 R K X A I ( I ) J 4 0 - SKXAI in the conductivity equation for the I material 

rjRKIAd)-. - RKYA in the conduetivitj equation for the I materiel 

5 1 R K M l ( l ) 6 o - RKSfAI in the conductivity equation for the I t h material 

gjQQAflLg - Uniform volumetric heat generation rate for the I 
material 

7 1 EPSIIA(l)g 0 - minimum strain-rate used in non-linear solution method 
for the I material 

1 X l ( l ) 1 0 - XI in constitutive equation for the I material 

. . .X2(l)2 0 - X2 in constitutive equation for the I material 

? 1 X 3 ( l L 0 - X3 in constitutive equation for the I material 

_. ,xU(l) , 0 - XU in constitutive equation for the I material (not usee;) 

^ GAMX(l)50 - body forces in x-direction for the I* material 

5,GAMlf(l)g0 -body forces in y-direction for the I material 
th g1ALFHA(l)TO - volumetric expansivity, a , for the I material 

TREFA(l)g0 - the reference temperature for the I material 

Card 3 Format (110) 

Card 3 offers the user the option to release the constraint on 
certain specified nodal pointB, that have been constrained by 
boundary conditions if certain conditions are met. 

Var Name - Description 
.NUMCODj- - the number of nodal points examined for possible 

release 

Card h Format (415) 
If NUMCOD has previously been set to zero, Card k should not appear 
in the data deck. Otherwise Card It specifies which nodal points and 
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under what conditions the nodal points are to be released. Card k 

is read as many times as necessary until all HUMCOD boundary condi­

tions are specified. 

Var Name - Description 

I„ - the first nodal point number in a set to have a 
release constraint 

gJ 1 0 - the last nodal point number in a set to have 8 
release constraint 

,-K.,- - the increment that will be used between nodal point 
numbers I and J in specifying the same release 
constraints 

10^20 " r e t ) u i r e m e n t f° r nodal point release 

1 - releases for x-direction positive force 

-1 - releases for x-direction negative force 

2 - releases for y-direction positive force 

-2 - releases for y-direction negative force 

Card 5 Format (fcFlO.4,110) 

Card 5 specifies initial temperatures of the region of analysis, a 

conversion factor for heat generation, the ambient temperature for 

surface convection, the surface convection coefficient, and the 

number of velocity points on each side of an element needed for 

surface integration of the convection boundary condition. 

Var Hame - Description 

-TI.Q - initial temperature of the region 

l:.FAC - conversion factor for heat generation, 1.0 if units 
are consistent. 
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? 1TINF - ambient temperature for surface convection 

- 1CC | - convection coefficient (film coefficient) 

I .NVPK . - number of velocity points on each side of an element 
(usually 3) 

Card 6 Format (110) 

The surface array for convection boundary conditions is initialize;! 

to zero, indicating that no convection occurs across any side of any 

element. Card 6 allows the user to apply convection boundary condi­

tions to any choice of sides on any element. The convention used in 

numbering the sides of the element results from the element nodal 

point array. Side 1 is the side consisting of the first thrc-f; 

nodal points in the nodal point array. Side 2 i3 the side with the 

third, fourth and fifth nodal points and side 3 is comprised of the 

fifth, iiixth and first nodal points. 

Var Name - Description 

tl 
boundary conditions 

JNOTZERO.Q - the number of element tha t are t o have convection 

Card 7 Format (Ul5) 

If N0TZER0 (Card 6) has been set to 0, then Card 7 must not appear 

in the card deck. Otherwise, Card 7 contains which elements and 

what sides the convection boundary condition is applied to. Card 7 

is read as many times as necessary until all N0TZER0 convection 

boundary conditions are specified. 

Var Name - Description 

• tl 
boundary condition 

,I c - the first element number in a set to have a convection 1 5 
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, J , „ - the l a s t element number in a se t t o have a convectior. 6 10 
boundary condition 

, , K , r - the Increment that w i l l be used between elements I and 11 15 
.J In specifying the name convection boundary condition 

1 ( .L„ . - the nidos where the convection boundary condition is 
applied to in element I through J by increments of K 

= 1 side 1 only 

= 2 side 2 only 

= 3 side 3 only 

= 'i sides 1 and 2 

= 5 sides 2 and 3 

= 6 sides 3 and 1 

Card 8 Format (E10.3) 

Card 8 specifje.i the decay constant XK1 of the heat sources in the terr. 
XK1» - 1 

e used in card 10. Enter zero for sources that di not decay. 

Var tlame - Description 

,XKl . n - decay constant lo r heat sources 

Card 9 Format (110) 

Card 9 allows the user to specify a variable number of boundary 

conditions to be applied to any of the nodal points. 

Var Name - Description 

-HUMBC... - number of boundary conditions to be specified 

Card 10 Format (1H5.3E10.3) 

If HU4BC (Card 9) has been set to zero, then Card 10 must not appear 

in the card deck. Otherwise Card 10 contains the applied forces or 
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imposed velocities and the surface heat flux or iraposed temperature 

corresponding to each nodal point where a constraint is applied. If 

an x-constraijnt is placed on a nodal point (I = 2 or It), then the 

FXA2 will be treated ao on imposed velocity. Otherwise FXA2 will be 

treated nn an applied force. Similarly, for the y-constraint FYA? 

will hn treated as an imposed velocity for L - 3 or It. Otherwise 

FYA will he trc-Ht̂ d nr. an applied force in the y-direction. If L 

in negative FQA2 is treated as an imposed temperature and if L is 

positive FQA2 is treated as an applied heat sourc.-. Analyses are 

performed using unit thicknesses for plane strain geometry and on" 

radian section for oxinynmetric geometry. Applied forces in 

axisymmetric analyses are based on the resultant forces from Into. 

grating over a section with a one radian ore length. Point sources 

located at the centorline of •xisywsetric region.-, should be enterou 

as rrz of the total sources. 

Var Name - Description 

,1, - the first nodal point number in a set that has a 
boundary condition 

6 J10 " t l l e l 8 E t n o < S a l P ° i n t number ir. a set that has a 
boundary condition 

•.jK,,- - the increment that will be used between nodal points 
I and J in specifying the same boundary conditions 

-,(^2Q - the type of boundary condition applied to nodal point 
I through J in increments of K 

1 - no constraint on velocity 

2 - X constraint on velocity 

3 - Y constraint on velocity 
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k - X and Y constraint on velocity 
if L is negative a specified temperature will olso be 
imposed 

* „,FXA2_0 • the imposed velocity or applied force in the x-dJroc-
tion 

,,FYA2j 0 - the imposed velocity or applied force in the y-direc-
tion 

.-FQA2.. - the imposed temperature or applied heat source 

Curd 11 Format (2T10) 
Card 11 offers the user control of how often data will be sent to 
the print and tape 8 files from the coupled temperature and flow 
solutions. The tape 8 file is used in both restarting the current 
problem and for plotting. Increments refer to the number of time 
steps in a transient solution or the number of combined viscous flow 
and temperature nolutions in steady state analyses. 

Var Maine - Description 
.IHCPR.Q - increments between prints of the temperature and 

velocity solutions 

i :,INCFU 2 0 - increments between WRITES to ?AIE{8) of the temperature 
and velocity solutions 

Card 12 Format (2110) 
When solving nonlinear viscous equations, which requires iteration, 
Card 12 offers the user control of how often data will be sent to 
his print and tape 8 files during the iterating procedure. As 
previously mentioned, tape 8 is used in both restarting the current 

See Appendix A for method of determining nodal point forces from applied 
pressures. 
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problem and for plotting. Iterations refer to the number of solution 

steps used during a nonlinear viscous flow analysis. 

Var Name - Description 

1 
viscous problem 

ĵ nJTtflj. - iteration:; between prints while solving a nonlinear 

jiINTRJgQ - iterations between writes to tape (8) while solving a 
nonlinear viscous problem 

Card 13 Format r?I10,F10.0) 

Card 13 offers the user choices on viscous flow or temperature 

solutions, coupling or no coupling between the solutions, and 

transient or steady state analysis. If no coupling is specified, 

then only viscous flow or temperature analyses are performed, hut 

not both. If coupling is specified, then both viscous flow and 

temperature solutions are obtained. 

Var Name - Description 

.ITV.Q - type of solution performed first 

1 - viscous solution 

-1 - temperature solution 

j-MOPpQ - coupling between solutions 

1 - SO 

-1 - YES 

S T 3 Q - type of analysis 

1.0 - transient 

0.0 - steady state 
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Card lit Format (8110) 

Card l'< offers the user choices on geometry for the problem, methods 

of solution, rofcrenco frames, and the type of matrix solution for 

the heat transfer problem. In addition it allows the user to specify 

the maximum number of increments u:u-d to attain e solution, the number 

of iterations for iterative methods (or load increments in incremental 

solutions), the number of iterations between updates of the stiffness 

matrix, and whether a linear solution is desired only. 

Var Hame - Description 

JICQDE.Q - geometry 

0 - plane strain 

1 - axicymmetric 

,,IS0kVpO - method of solution of nonlinear viscous flow analyses 

1 - secant modulus 

2 - initial stress with secant modulus 

-2 - initial stress with tangent modulus 

3 - tangent modulus 

..IREFFR - reference frame 

0 - Lagrangian 

1 - Eulerian 

.,-IHTSOLj^. - type of matrix solution in heat transfer problem 

1 - reformulation of matrix at each time step 

2 - IBU decomposition used after first time step 

K.MHICQ " maximum number of Increments for problem solution 

ITHftXg0 - maximum number of iterations for nonlinear viscous 
flow solutions 
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(..ITCH,.. - number of iterations between updates of stiffness matrix 

„.LINKARf - choice of linear solution 

0 - nonlinear colutionn procedure needed 

1 - linear solution procedure needed 

Card i.'j Format (5K10.3) 

Card I'j specifies the maximum problem time to he achieved, the 

maximum allowed time step to be taken, the maximum allowed displace­

ment during any Riven time step, the maximum allowed change in the 

maximal velocity between any given time step, and the maximum allowed 

change in the maximal strain rate in any given time step. 

Var Home - Description 

.TIMEMJQ - maximum problem time 

,I)U(.VlXon - maximum allowed displacement during any time step 

o.DTMM_ 0 - maximum time step 

,,EIi'MIN)0 - maximum allowed change in the maximal strain rate for 
convergence of nonlinear viscous problems 

I .VMIN - maximum allowed change in the maximal velocity for 
convergence of steady-state problems 

Card 16 Format (110) 

Card 16 allows the user the choice of printing the TAPE1 data file 

as part of his output. 

Var Name - Description 

J^IWMTE.Q - print control for the TAIE1 data 

Eft. 6 - writes TAHJ1 dat» 

ME. 6 - does not write "TAffil data 
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Card 17 Format f2I10) 

Card 17 allows the user to continue a problem from a previous run 

that was terminated early. 

Var Name - Description 

UATA - continuation of a problem from a previous run': 

0 - no 
1 - YES 

nMIHCR - the number of increments to be read from TAFE8 before-
r e s t a r t i n g the analyses . MINCR refers to the net 
number of increments wri t ten onto TAR)8 and not the 
l a s t increment number tha t was wr i t t en . 
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•'•.'• Input- Ins t ruct ions for PWT'j 

f'w. I Format 'HO) 

Carl ] allow:: the user the option t o e i the r rend in the Kern-rut'-•: 

data frtm w;:;HV 'J:: curds in h i s 'lata 'look or frorr, a >jlsK fil<-. 

Var Hame - Description 

,iraAFE,„ - the uni t number the data from '.fESWj wi l l be r>:&-: in 

from 

"j - cards in o data deck 

•j - TAFE9 which is a disk f i l e 

Card ? Format (2110) 

Card 2 specifier, information on the number of plots desired nn<: 

whether a plot consisting of the area within the mesh in required 

or If symmetry exists about either axis so that not only the are*, 

within the mesh is plotted, but also its symmetric half Is plotter:. 

Var Name - Description 

.IJUMPLT.. - total number of plots desired (maximum of 100) 

^ICCOEp- - type of plot desired 

0 - mesh only 

1 - symmetry about Y axis 

2 - symmetry about X axis 

Card 3 Format (20IU) 

Card 3 specifies tl.3 increment numbers in ascending order that are 

to be plotted. 
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, I'.'PI.' 1 ij - f i r s ' t II. <•;••!-..•:.• :.\.:-.l.r • ! •• t l . i t ' . . -

, ICPJ,!.'),. - r-i'in: inc !•••:• A-..f i.uwH-r * i- [ ! ' ( • 

ICPL(!IUl-!Pi;D - i n r t Sncr"!* nt r.unli.-r t o I.- ; h t t ' : 

i F'ir.™t '}F10.:;l 

"hr ' j 'i p r "v ! ' ! ' ' : ' 'lirr.i nniorj." f o r t h e p ln t t ' - d : n t a . Tlx.- bouiria ' .f 1.1.' 

r e g i o n pravld«-<i any corre . -pcnu t o t h e :'i?.e of t h e e n t i r e re /uor . of 

rinolyui.-! o r may be ncsc- r,ubs>'t o f th«- <nt. i<f r e g i o n . Caru 'i a l s o 

a l lows fo r s ca l lnp , of llie p lo t t ' - ' i m t i i . 

Vnr Krw. - i><ye r a t i o n 

.XHIH. n - minimum X voiuo t o be p l o t t d i 

..XMAX, - muxtmum X v a l u e t o DO p l o t t e d 

„ ,Y! ' IH_ 0 - minimum Y v a l u e t o be p l o t t e d 

,..YKAXj n - maximum Y v a l u e t o be p l o t t e d 

j , . ~iCAJ£^ - s c a l e f a c t r f o r r e d u c i n g or e n l a r g i n g t h e p lo i '< 1 

d a t a 

Card 5 Format ( I 1 0 . 2 F 1 0 . 3 ) 

Card ~ contains the nodal point coordinates which are usually 

generated by MESH9- If the user has selected the option to read 

this data from disk, i.e., choosing NTAFE = 9, then these cards are 

not contained in his card deck. 

69 

http://tl.it'..-


Var Name - Description 

I. - nodal point number 

XOm3(T)20 - X-coordinato of nodal point I 

2 1 YORD(I). 0 - Y-coordinate of r.odal point I 

Card 6 Format (1017) 

Card 6 contains the nodal point numbers and the pressure point 

numbers that comprise each of the elements. This data is again 

usually generated by MESH9 and if the user has selected the option 

to read this data from disk, i.e., choosing HTAPE = 9> then these 

cards are not contained in his card deck. 

Var Hame - Description 

1I1.. - element number 

oNPdl,!)., - first nodal point number comprising the II element 

,_NP(IL(2)_, - second nodal point number comprising the II element l? i^l 

i,NP(ll,6)1 - sixth nodal point number comprising the II element 

_ NP(I1,7),,/- - first pressure point number comprising the II element 

c.7NP(ll,8), - second pressure point number comprising the II element 

£.WP(I1,9) 7 0 - t;iird pressure point numbe- comprising the II element 

Card 7 Format (110) 

Card 7 specifies the number of boundary points that are to be 

plotted. 

Var Name - Description 

NUMBPT.Q - the number of boundary points to be plotted 
(maximum of 100) 
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Card 8 Format (315) 

Card 8 specifies the numbers of the r.odal points that are to be used 

as boundary points in plotting. Card 3 is read as many times as 

necessary until all [JUMBPT are specified, 

Var Name - Description 

-I - the first nodal point number in a set used as a 
boundary point 

6 10 - the last nodal point number in a e°t used as a 
boundary point 
the increment t 
I and J in specifying the boundary points 

n K - the increment that will !•-' us^d t'.-tveen nodal point. 

Card 9 Format (3F10.U) 

Card 9 specifies the vector length in the vector plots, the increment 

between isotherms in the plots, and the lower limit for plotting velo­

cities (i.e., velocities that are insignificant in comparison to most 

velocities may be deleted from the plots). 

Var Name - Description 

VECTL-- - vector length in vector plots 

CTEMP - increment between isotherms in the temperature plots 

„.CUTOFF- - the lower limit for plotting velocities 



Chapter V 
CONCLUDING REMARKS 

This document is Intended to provide illustrative problems that are 
to he used as examples by the user in setting up his own problems for 
solution by COUPLEFLO. In addition, control streams and input instruction 
to COUPIEFLO are contained. A general description of the governing 
equations and finite element formulations that form the basis of COUPLEFLO 
are found in Part I-Theoretical Background. 
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